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(54) Continuously variable V-belt transmission 

(57) A continuously variable V-belt transmission (1 ) 
includes a lateral pressure control valve (40) for control- 
ling the lateral pressures of a drive pulley (5) and a driv- 
en pulley (8), and a controller (60) for controlling the lat- 
eral pressure control valve. The controller (60) calcu- 
lates a target belt transmission torque (T BLT ) by adding 
a predetermined marginal torque (T K ) to a transmission 
torque (T, N ) calculated based on a signal detected from 
a driving condition of a vehicle, and obtains, by means 
of a signal converter, a control signal for controlling the 
lateral pressure control valve. With this arrangement, it 
becomes possible to prevent slippage between the belt 
and pulleys and to produce a most appropriate clamping 
force even when the lateral pressure control oil pressure 
is varied due to secular and environmental changes in 
the pulley lateral pressure control valve, whereby the 
transmission is rendered durable, efficient in fuel con- 
sumption and highly reliable. 
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Description 

The present invention relates to a continuously var- 
iable V-belt transmission (CVT) for causing a desired 
belt transmission torque to act upon a V-belt while, pre- 
venting slippage of the belt. 

A continuously variable V-belt transmission trans- 
mits motive power through the frictional contact be- 
tween groove-defining side surfaces of a drive pulley or 
a driven pulley and side surfaces of a V-belt. Therefore, 
the pulleys are required to have sufficient clamping force 
with respect to the belt. When the clamping force is in- 
sufficient, the belt experiences slippage, thus resulting 
in deterioration of the transmission of the motive power 
and in significant damage of the contact surfaces. As 
the clamping force becomes excessive, this may dete- 
riorate the fuel consumption efficiency and durability of 
the belt. 

The foregoing phenomena associated with insuffi- 
cient and excessive clamping forces are commonly ex- 
perienced in a metal belt CVT, a chain CVT, and a rubber 
belt CVT. Therefore, a continuously variable transmis- 
sion requires pulley lateral pressure control for maintain- 
ing the clamping force at a most appropriate level. 

To this end, there has been proposed by the present 
inventors a "Continuously Variable V-Belt Transmission" 
as disclosed in Japanese Patent Laid-Open Publication 
No. HEl 6-288448. The transmission comprises an ac- 
tual transmission torque computing device for comput- 
ing an actual transmission torque transmitted via a V- 
belt, a belt transmission torque computing device for 
computing a belt transmission torque by multiplying the 
computed actual transmission torque by a predeter- 
mined safety factor, and lateral pressure control vatves 
for controlling the lateral pressure control oil pressure 
for driving a drive pulley and a driven pulley based on 
the belt transmission torque. 

Since the belt transmission torque computing de- 
vice is adapted to produce the belt transmission torque 
by multiplying the computed actual transmission torque 
by a predetermined safety factor, the pulleys are sup- 
plied with a desired lateral pressure control oil pressure. 

In the above continuously variable V-belt transmis- 
sion, since the actual transmission torque is multiplied 
by a predetermined value of safety factor for determin- 
ing a belt transmission torque which in turn determines 
the lateral pressure control oil pressure, the belt trans- 
mission torque increases/decreases in response to the 
increase/decrease of the actual transmission torque 
where the safety factor is maintained the same. Thus, 
a marginal torque (corresponding to a marginal oil pres- 
sure of the lateral pressure control oil pressure) of the 
belt transmission torque for preventing slippage of the 
V-belt is apt to be small on a low load OD (Over-Drive) 
ratio side of the CVT and to be large on a high load LOW 
ratio side. 

Regulation of the lateral pressure control oil pres- 
sure corresponding to the belt transmission torqu is ef- 



fected by, for example, supplying a solenoid current cor- 
responding to a belt transmission torque, to a propor- 
tional magnet valve (linear solenoid) for controlling the 
lateral pressure control valve to thereby regulate the 

5 valve-opening ratio. Although the lateral pressure con- 
trol oil pressure is in proportion (or inverse proportion) 
to the solenoid current, dispersion is generated in the 
low load OD ratio side. 

Typically, such dispersion of the lateral pressure 

10 control oil pressure in the low load OD ratio side (upon 
low lateral pressure) may be hysteresis of the lateral 
pressure control oil pressure relative to the solenoid cur- 
rent by the friction of the axle of the proportional magnet 
valve. There is also dispersion arising due to the struc- 

15 ture of the lateral pressure control valve and dispersion 
arising due to the changes in oil conditions (temperature 
characteristics, etc.). Moreover, torque changes or var- 
iations are substantial under transitional conditions dur- 
ing a low load, and errors are likely to occur. 

20 If dispersion occurs when the marginal torque of the 
belt transmission torque in the low load OD ratio side is 
small and the marginal oil pressure of the lateral pres- 
sure control oil pressure is also small, the V-belt under- 
goes slippage. 

25 At the high load LOW ratio side (during a high lateral 
pressure), transitional changes in the engine torque are 
little, torque detection precision is high, and dispersion 
of hysteresis ofcontrol oil pressure is substantially con- 
stant irrespective of the magnitude of the oil pressure. 
30 Thus, high torque detection precision is ensured during 
a high lateral pressure. However, if the safety factor is 
set to prevent slippage of the V-belt in correspondence 
with the dispersion in the low load OD ratio side, the 
marginal oil pressure and hence the clamping force be- 
35 come too large, thus resulting in deterioration of the fuel 
consumption efficiency and shortened life of the belt. 

It is therefore an object of the present invention to 
provide a continuously variable V-belt transmission 
which is durable, excellent in fuel consumption efficien- 
40 cy and capable of producing a most appropriate clamp- 
ing force even when the lateral pressure control oil pres- 
sure is varied due to secular and environmental chang- 
es of a pulley lateral pressure control valve. 

According to the present invention, there is provid- 
es ed a continuously variable V-belt transmission compris- 
ing a target transmission torque calculator which is com- 
posed of a marginal torque setting device for setting a 
marginal torque of predetermined value and a calculator 
for calculating a target transmission torque by adding 
50 the marginal torque to the transmission torque. 

With the transmission thus arranged, it becomes 
, possible to generate a most appropriate lateral pressu re 
control oil pressure based on the target transmission 
torque, to prevent slippage of the V-belt in the low load 
55 OD ratio side and to provide a most appropriate clamp- 
ing force in the high load LOW ratio side. 

A preferred embodiment of the present invention 
will hereinafter be described in greater detail with refer- 
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ence to the accompanying drawings, in which: 

Fig. 1 is a diagrammatic view of a continuously var- 
iable V-belt transmission according to one embod- 
iment of the present invention; 5 
Fig. 2 is a diagrammatic view of an example contin- 
uously variable V-belt transmission having a torque 
converter; 

Fig. 3 is a diagrammatic view illustrating the oil pres- 
sure circuitry arrangement of a pulley lateral pres- to 
sure control valve and a shift ratio control valve; 
Fig. 4A is a diagrammatic view illustrating a relevant 
part of a controller of a continuously variable V-belt 
transmission for use with the embodiment of Fig. 1 ; 
Fig. 4B is a partial block diagram illustrating a main is 
portion of a transmission torque calculator for use 
with the torque-converter-equipped CVT of Fig. 2; 
Fig. 5 is a graph illustrating the characteristics of 
OD low load condition/transmission torque (T, N ) up- 
on setting of marginal torque T K of predetermined 20 
value - safety factor (S/F); 

Fig. 6 is a graph illustrating the characteristics of 
LOW high load condition/transmission torque (T (N ) 
upon setting of marginal torque of predetermined 
value T K - marginal control oil pressure (P K ); 25 
Fig. 7 is a graph illustrating the characteristics (T EPB 
map) of an engine torque T EPB relative to an engine 
revolution number signal Ne where an engine in- 
take negative pressure signal P B is a parameter; 
Fig. 8 is a graph illustrating the characteristics (F E 30 
map) of an engine friction torque F E relative to the 
engine revolution number signal Ne; 
Fig. 9 is a graph illustrating the characteristics of an 
air-conditioner friction torque F AC ; 
Fig. 10 is a graph illustrating the characteristics (l E , 
l DR map) of an engine inertia torque l E and a drive 
pulley inertia torque l DR relative to a DR revolving 
speed signal D NDR ; 

Fig. 11 is a graph illustrating the characteristics 
(Fpump ma P) of a pump friction torque F PUMP rela- 
tive to a high lateral pressure control pressure sig- 
nal P H ; 

Fig. 12 is a graph illustrating the characteristics 
(F BLT map) of a belt drive friction torque F BLT relative 
to a reduction ratio signal i where a low lateral pres- 
sure control pressure signal P L is a parameter; and 
Fig. 13 is a graph illustrating the characteristics (e 
- X map) of a torque ratio X relative to an output rev- 
olution ratio e of the torque converter. 

Referring initially to Fig. 1 , there is diagrammatically 
shown a continuously variable V-belt transmission 
(hereinafter referred to as CVT) 1 according to the 
present invention. Th CVT 1 includes a metal V-belt 
mechanism 4 disposed between an input shaft 2 and a 
counter shaft 3, a forward-backward drive shifting mech- 
anism 20 comprised of a double pinion planetary gear 
disposed between the input shaft 2 and a drive pulley 5, 



and a startoff clutch 26 disposed between the counter 
shaft 3 and an output member (differential mechanism) 
29. 

The CVT 1 further includes an oil pressure pump 
30, a clutch control valve 35, a pulley lateral pressure 
control valve 40, a shift ratio control valve 50, a plurality 
of oil passages 30a - 30e for supplying an oil pressure 
to the startoff clutch 26 and to the metal V-belt mecha- 
nism 4, and a controller 60 designed to execute a pre- 
determined calculation, conversion and processing 
based on a signal (N DR , N DN ) output from revolution 
sensors 71,72, described below, and so forth, so as to 
generate a control signal. 

The CVT 1 is designed for use on a vehicle. The 
input shaft 2 is connected to an output shaft of an engine 
(ENG) by means of a coupling mechanism CP. The mo- 
tive power transmitted to the differential mechanism 29 
is transmitted to right and left wheels not shown. 

The metal V-belt mechanism 4 is comprised of the 
drive pulley 5 disposed on the input shaft 2, a driven 
pulley 8 disposed on the counter shaft 3, and a metal V- 
belt 7 passing over the drive pulley 5 and the driven pul- 
ley 8. 

The drive pulley 5 is comprised of a stationary pulley 
half 5A rotatably disposed on the input shaft 2 and a 
movable pulley half 5B axially movable toward and away 
from the stationary pulley half 5A. The movable pulley 
half 5B is provided with a drive side cylinder chamber 6 
sealingly defined by a cylinder wall 5a connected to the 
stationary pulley half 5A. The lateral pressure for axially 
moving the movable pulley half 5B is generated by an 
oil pressure supplied to the drive side cylinder chamber 
6 through the oil passage 30d. 

The driven pulley 8 is comprised of a stationary pul- 
ley half 8A disposed on the counter shaft 3 and a mov- 
able pulley half 8B axially movable toward and away 
from the stationary pulley half 8A. The axially movable 
pulley half 8B has a driven side cylinder chamber 9 seal- 
ingly defined by a cylinder wall 8a connected to the sta- 
tionary pulley half 8A. The lateral pressure for axially 
moving the movable pulley half 8B is generated by an 
oil pressure supplied to the driven side cylinder chamber 
9 through the oil passage 30e. 

By controlling the oil pressure (pulley lateral pres- 
sure control oil pressure) supplied to the drive side cyl- 
inder chamber 6 and the driven side cylinder chamber 
9 to be kept at a desired value, it becomes possible to 
establish a pulley lateral pressure which does not cause 
slippage of the metal V-belt 7 and to effect the alteration 
of the widths of the drive pulley 5 and driven pulley 8. 
Thus, it becomes possible to phaselessly or continuous- 
ly alter the reduction or shift ratio of the transmission 1 
by continuously altering the radius of winding of the met- 
al V-belt 7 around th drive pulley 5 and driven pulley 8 
while appropriately maintaining the clamping force with 
respect to the metal V-belt 7 and drive pulley 5, or the 
metal V-belt 7 and driven pulley 8. 

The plan tary-gear forward-rearward drive shift 
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mechanism 20 is comprised of a sun gear 21 connected 
to the input shaft 2, a carrier 22 connected to the sta- 
tionary pulley half 5A, a ring gear 23 capable of being 
fixedly supported by a rearward drive brake 25. and a 
forward drive clutch 24 adapted to connect the sun .gear 
21 and the ring gear 23. 

When the forward drive clutch 24 becomes en- 
gaged, the sun gear 21 , carrier 22 and the ring gear 23 
rotate in unison with the input shaft 2, whereby the the 
drive pulley 5 is driven in the same direction (direction 
of forward drive or propulsion) as the input shaft 2. 

Upon engagement of the rearward drive brake 25, 
the ring gear 23 is driven in an opposite direction from 
the sun gear 21 , whereby the drive pulley 5 is driven in 
an opposite direction (direction of rearward drive or pro- 
pulsion) from the input shaft 2. 

The startoff clutch 26 is designed for controlling the 
motive power transmission between the counter shaft 3 
and an output side member and thus effects the motive 
power transmission therebetween upon engagement 
thereof. Thus, upon engagement of the startoff clutch 
26, the engine output gone through the reduction via the 
metal V-belt mechanism 4 is transmitted through the 
gears 27a, 27b, 28a and 28b to the differential mecha- 
nism 29 by which the output is further transmitted divid- 
ediy to right and left wheels not shown. When the startoff 
clutch 26 is disengaged, the CVT 1 is placed in a neutral 
position since the motive power transmission is not ef- 
fected. 

Actuation control of the startoff clutch 26 is effected 
by a signal supplied from the controller 60 to the clutch 
control valve 35. Specifically, it is achieved by supplying 
an actuation oil pressure from the clutch control valve 
35 to the startoff clutch 26 via the oil passage 30a and 
oil passage 30b. 

The controller 60 inputs an engine revolution 
number N e signal and an engine intake negative pres- 
sure P B signal output from the electronic control unit 
(ECU) for controlling operation of the engine (ENG). Ad- 
ditionally, it inputs a signal output from an air-conditioner 
actuation detector 74 for detecting the actuation of an 
air-conditioner (AC) and a signal output from a shift 
range position detector 75 for detecting a shift range po- 
sition based on a shift lever position (ATP). 

The lateral pressure control valve, which is com- 
posed of the pulley lateral pressure control valve 40 and 
the shift ratio control valve 50, is designed for controlling 
the oil pressure (pulley lateral pressure control oil pres- 
sure P L , P H ) supplied to the drive side cylinder chamber 
6 and the driven side cylinder chamber 9 based on a 
control signal (solenoid current l sc , l SP ) supplied from 
the controller 60. 

Fig. 2 illustrates as an example a continuously var- 
iabl V-b It transmission having a torque converter. It 
can be readily appreciated that the present invention 
can also be applied to a CVT 1 of such type. 

The torque-converter-equipped CVT 1 is comprised 
of a torque converter 1 00 connected to an engine output 



shaft 2a, a forward-rearward drive shifting mechanism 
20 having a double-pinion planetary gear connected to 
the output shaft 2a, and a continuously variable trans- 
mission mechanism 10 connected to the forward-rear- 

5 ward drive shifting mechanism 20. The forward-rear- 
ward drive shifting mechanism 20, which is connected 
to the turbine shaft 2b of the torque converter 100, has 
a forward drive clutch 24 and a rearward drive brake 25. 
The forward drive clutch 24 is engaged to set a forward 

to drive range, that is, to select a route for transmission of 
the motive power for forward drive or propulsion. The 
rearward drive brake 25 is engaged to set a rearward 
drive range, that is, to select a route for transmission of 
the motive power for rearward drive or propulsion. By 

is releasing both the forward drive clutch 24 and the rear- 
ward drive brake 25, a neutral range can be set. 

As explained in connection with Fig. 1 , the foregoing 
continuously variable transmission mechanism 10 in- 
cludes a drive pulley 5 and a driven pulley 8, pulley 

20 widths of which can be changed by means of an oil pres- 
sure, etc., and a metal V-belt 7 spanning between the 
drive pulley 5 and the driven pulley 8 so that the reduc- 
tion or shift ratio can be changed continuously by alter- 
ing the pulley widths. 

25 Like the CVT of Fig. 1 , the CVT 1 shown in Fig. 2 
may further include a startoff clutch between the counter 
shaft 3 of the driven pulley 8 and the differential mech- 
anism 29. 

Fig. 3 illustrates how the pulley lateral pressure con- 
30 trol valve 40 and the shift ratio control valve 50, shown 
in Fig. 1, are arranged. As shown in Fig. 3, the pulley 
lateral pressure control valve 40 is comprised of a high- 
low pressure control valve 41 , a high pressure regulator 
valve 42 and a low pressure regulator valve 43. The shift 
35 ratio control valve 50 has a shift control valve 51 and a 
shift valve 52. 

Reference numeral 53 designates a reducing valve 
which regulates an oil fed from an oil pressure pump 30 
through an oil passage into a line pressure P M0D of sub- 
40 stantially constant oil pressure and supplies the actuat- 
ing oil with the line pressu re to the high-low control valve 
41 through the oil passage 53a and to the shift control 
valve 51 of the shift ratio control valve 50 through the oil 
passage 53b. The portions marked "x" are connected to 
45 drains not shown. 

The high-low control valve 41 includes a linear so- 
lenoid 41 A and, by controlling a pressing force acting 
upon a spool 41 B by the solenoid current l SP (see Fig. 
1) supplied from the controller 60 (see Fig. 1), regulates 
so the line pressure P MOD supplied from the oil passage 
53a by movement of the spool 41 B. Thereafter, it gen- 
erates a control back pressure P HLC corresponding to 
the regulated pressing force for subsequent feeding to 
the high pressure regulator valv 42 and the low pres- 
55 sure regulator valve 43 through an oil passage 41a. 

The high pressure regulator valve 42 receives in an 
oil chamber 42B at a right end thereof the control back 
pressure P HLC supplied from the high-low control valve 
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41 , converts the actuating oil pressure supplied from the 
oil pressure pump 30 through an oil passage 30c into a 
high lateral pressure control pressure P H corresponding 
to the control back pressure P HL c b y moving the spool 
42A via a pressing force corresponding to the control 
back pressure P HLC , and supplies the high lateral pres- 
sure control pressure P H through an oil passage 42a to 
the shift valve 52 of the shift ratio control valve 50 and 
through an oil passage 42b to the low pressure regulator 
valve 43. 

The low-pressure regulator valve 43 receives in an 
oil chamber 43B at a right end thereof the control back 
pressure P HLC supplied from the high-low control valve 
41, regulates a high lateral pressure control pressure 
P H supplied from the high pressure regulator valve 42 
to convert the same into a low lateral pressure control 
pressure P L , and supplies the low lateral pressure con- 
trol pressure P L through oil passages 43b and 43c 
branched off from an oil passage 43a to the shift valve 
52 of Ihe shift ratio control valve 50 

The shift control valve 51 includes a linear solenoid 
51 A and regulates, by controlling a pressing force acting 
upon a spool 51 B by solenoid current l sc (see Fig. 1) 
supplied from the controller 60 (Fig. 1 ), the line pressure 
p moo supplied from oil passage 53b through movement 
of the spool 51 B, and supplies a shift control pressure 
P sv corresponding to the regulated pressing force to the 
shift valve 52 through an oil passage 51a. 

The shift valve 52 receives with an oil chamber 52B 
at a left end thereof the shift control pressure P sv sup- 
plied from the shift control valve 51 and moves a spool 
52A by means of the pressing force corresponding to 
the shift control pressure P sv - The spool 52A is normally 
pressed leftwardly from a right end side by a spring 52C 
and is moved to a position where the shift control pres- 
sure P sv from the left end oil chamber 52B and the 
pressing force of the spring 52C are counterbalanced. 
Thus, positional control of the spool 52A is performed 
by controlling the shift control pressure P sv - As a result, 
the high lateral pressure control pressure P H supplied 
from the high pressure regulator valve 42 and the low 
lateral pressure control pressure P L supplied from the 
low pressure regulator valve 43 ; after being regulated 
to a predetermined pressure, are supplied to the drive 
side cylinder chamber 6 of the drive pulley 5 and to the 
driven side cylinder chamber 9 of the driven pulley 8 to 
thereby cause the shift ratio control valve 50 to effect 
the shift ratio control of the transmission. 

As the shift ratio control is performed with respect 
to the transmission, the low lateral pressure control 
pressure P L fed from the low pressure regulator valve 
43 is set so that a most appropriate pulley lateral pres- 
sure is established for achieving the desired torque 
transmission while pr venting the slippage of the metal 
V-belt 7 shown in Fig. 1 and appropriat ly maintaining 
the clamping fore between the V-belt 7 and the drive 
pulley 5 or the driven pulley 8. 

Discussion will now be made as to the arrangement 
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and operation of the controller 60 with reference to Fig. 
4A illustrating in block diagram the functions of the con- 
troller of the CVT according to the present invention and 
Fig. 1. 

5 The controller 60 is comprised of a transmission 
torque calculator 61, a target belt transmission torque 
calculator 62 and a signal converter 63. The controller 
60 performs a torque calculation, conversion and 
processing based on a revolution number signal Ne rel- 
10 ative to the engine (ENG) supplied from the electronic 
control unit (ECU), an engine intake negative pressure 
signal P B , a drive pulley revolution number signal N DR 
detected in respect of the drive pulley 5 by the revolution 
number sensor 71 and a driven pulley revolution number 
is signal N DN . detected in relation to the driven pulley 8 by 
the revolution number sensor 72 and thereafter supplies 
a solenoid current l SP to the pulley lateral pressure con- 
trol valve 40 and a solenoid current l sc to the shift ratio 
control valve 50. 
20 The transmission torque calculator 61 is comprised 
of an engine torque converter 65A, a friction torque con- 
verter 65B, a torque selector 65C, a DR revolution 
speed calculator 66A, an inertia torque converter 66B, 
a pump friction torque converter 67A, a low lateral pres- 
25 sure control pressure memory 67B, a high lateral pres- 
sure control pressure calculator 67C, a reduction ratio 
calculator 68A, a belt friction converter 68B, a plurality 
of adders 69A, 69B, 69C, and a subtracter 69D. 

The engine torque converter 65A has a memory 
30 such as a ROM, which stores data corresponding to en- 
gine torque T EPB characteristics (T EPB map), as shown 
in Fig. 7, relative to the engine revolution number signal 
Ne where the engine intake negative pressure signal P B 
is a parameter, and converts the engine intake negative 
35 pressure signal P B and the engine revolution number 
signal Ne into corresponding engine torques T EPB for 
subsequent feeding to the torque selector 65C. 

The friction torque converter 65B has a memory 
such as a ROM, which stores data corresponding to en- 
40 gjne friction torque F E characteristics (F E map), as 
shown in Fig. 8, relative to the engine revolution number 
signal Ne, and converts the engine revolution number 
signal Ne into a corresponding engine friction torque F E 
for subsequent feeding to the torque selector 65C. 
45 The torque selector 65C may be composed, for ex- 
ample, of a software controlled switching device adapt- 
ed to be controlled based on whether or not fuel supply 
to the engine is interrupted. The torque selector 65C 
may be controlled such that the engine torque signal 
so T EPB supplied from the engine torque converter 65A is 
selected when fuel supply is not interrupted and such 
that the engine friction torque signal F E from the friction 
torque converter 65B is selected when fuel supply is in- 
terrupted, so that an output torque signal T E (T EPB , F E ) 
55 is output toward the subtracter 69D. 

The DR revolution number calculator 66A has a dif- 
ferential calculation function, calculates the DR revolu- 
tion speed from the drive pulley revolution number sig- 
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nal N DR and outputs a DR revolution speed signal D NDR 
toward the inertia torque converter 66B. 

The inertia torque converter 66Bincludesa memory 
such as a ROM, which stores data corresponding to the 
engine inertia torque l E and drive pulley inertia torque 
l DR characteristics (l E , l DR map), as shown in Fig. 10, 
relative to the DR revolution speed signal D NDRl and 
converts the DR revolution speed signal D NDR into a cor- 
responding engine inertia torque l E and into a corre- 
sponding drive pulley inertia torque l DR , and feeds the 
inertia torque signal l E and the inertia torque l DR to the 
adder 69B. 

The pump friction torque converter 67A includes a 
memory such as a ROM, which stores data correspond- 
ing to pump friction torque F PUMP characteristics, as 
shown in Fig. 11, relative to the high lateral pressure 
control pressure signal P H , and generates, based on the 
drive pulley revolution number signal N DR and high lat- 
eral pressure control pressure signal P H calculated from 
the previous low lateral pressure control pressure signal 
pl cmd stored in the low lateral pressure control pres- 
sure memory 67B, a pump friction torque F PU mp to be 
supplied to the adder 69 A. 

Having a rewritable memory such as a RAM, the 
low lateral pressure control pressure memory 67B out- 
puts the previously-stored low lateral pressure control 
pressure signal PLc M D totne hi 9 n ,at0ral pressure con- 
trol pressure calculator 67C and the belt friction torque 
converter 68B every time the low lateral pressure control 
pressure signal P u is input and is updated to the current 
low lateral pressure control pressure P L value. 

With a division function, the reduction ratio calcula- 
tor 68 A calculates a reduction ratio i (=N DR /N DN ) with 
respect to the drive pulley revolution number signal N DR 
and driven pulley revolution number signal N DN and sup- 
plies the reduction ratio signal i to the belt friction torque 
converter 68B and a target lateral pressure converter 
63A. 

The belt friction torque converter 68B stores data 
corresponding to belt friction torque F BLT characteristics 
(F BLT map) : as shown in Fig. 12, relative to the reduction 
ratio signal i where the low lateral pressure control pres- 
sure signal P L is a parameter and generates a belt fric- 
tion torque F BLT corresponding to the reduction ratio sig- 
nal i and supplies the same torque F BLT to the adder 
69A. 

The adder 69B adds up the added signal (F PUMP + 
F BLT ) from the adder 69A, and the inertia torque signals 
I E and l DR supplied from the inertia torque converter 66B 
and supplies a resulting control system Iriction signal 

(Frump + Fblt + 'e +»dr> to th adder 69C - 

The adder 69C adds up the control system friction 

signal (F PUMP + F BLT + l E + I or) and the air-conditioner 

friction torque signal F AC (s e the air-condition r friction 

torque F AC characteristics shown in Fig. 9) conv rt d 

by an air-conditioner friction torque convert r 74Aof the- 

xtemal air-conditioner actuation detector 74 shown in 

Fig. 1 and outputs a friction sum signal (F PUMP + F BELT 



+ l E + Iqr + f ac) to the subtract r 69D. 

The subtract r 69D calculates a deviation (T E - 

Frump - Fblt - Ie - "dr - F AC ) between the output torque 
signal T E (T EPB , F E ) output from the torque selector 65C 

5 and the friction sum signal (F PUMP + F BLT + l E + l DR + 
F AC ) output from the adder 69C and sends out a trans- 
mission torque signal T, N to the the target belt transmis- 
sion torque calculator 62. 

Although three separate adders 69A, 69B and 69C 

io are used in the present embodiment to obtain the friction 
sum signal (F PUMP + F BLT + l E + l DR + F AC ), it is also 
possible to employ in their stead an OR logic circuit ca- 
pable of making the five inputs (F PUMPl F BLT , l E , l DRl 

is Each of the foregoing converters has been de- 
scribed as having a ROM of its own. However, it may 
also be possible to form the memory of the transmission 
torque calculator 61 by using a single ROM with plural 
memory areas each corresponding to the contents of 

20 each ROM. 

As it may be appreciated from above, the transmis- 
sion torque calculator 61 calculates a deviation between 
the output torque signal T E (T EPB , F E ) and the friction 
sum signal (F PUMP + F BLT + l E + l DR + F AC ), the former 

2S having been obtained by converting, based on the rele- 
vant maps, the engine revolution number signal Ne and 
engine intake negative pressure signal P B into the en- 
gine torque signal T EPB and the engine friction torque 
signal F e , the latter having been obtained by adding up 

30 the engine inertia torque signal l E obtained by calcula- 
tion or conversion of the drive pulley revolution number 
signal N DR , the drive pulley inertia torque signal l DRl the 
pump friction torque signal F PUMP and the belt friction 
torque signal F BLT , and outputs a transmission torque 

35 signal T, N (T E - F PUMP - F BLX - l E - l DR - F AC ). 

The target belt transmission torque calculator 62 
has a marginal torque setting device 62A and an adder 
62B. 

The marginal torque setting device 62A includes a 

40 memory such as a ROM, which stores data correspond- 
ing to predetermined marginal torque values which are 
selected upon designing or obtained through experi- 
ments, and outputs a marginal torque signal T K to the 
adder 62B in timed relation with supply of the transmis- 

45 sion torque signal T, N from the subtracter 69D. 

Having an adding calculation function, the adder 
62B calculates a target belt transmission torque T BLT by 
adding the transmission torque signal T, N and marginal 
torque signal T K and outputs a target belt transmission 

so torque signal T BLT to the signal converter 63. 

Reference is now had to Fig. 4B showing in block 
diagram a main portion of the transmission torque cal- 
culator 61 modified to take account of the torque con- 
verter 100 shown in Fig. 2. 

55 Between th engine torque converter 65A and the 
torqu s lector 65C, there is provided a torque amplified 
portion corrector 65A' for correcting an amplified portion 
torque of the torque converter 100 (see Fig. 2). 
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The torque amplified portion corrector 65A' stores 
in a memory such as a ROM thereof data corresponding 
to the characteristics (e - a. map), as shown in Fig. 13, 
indicative of the relationship between the output revolu- 
tion ratio e, which is a ratio of the output revolution 
number signal N OUT of the torque converter 100 of Fig. 
2 and the engine revolution number signal Ne, and the 
torque ratio X } corrects the engine torque signal T EPB 
based on the torque ratio X from the map, and supplies 
a corrected engine torque T EFB to a torque selector 
65C. 

Fig. 5 shows characteristics relative to OD low load 
condition/transmission torque (T, N ) upon setting of a 
marginal torque T K of predetermined value - safety fac- 
tor (S/F). Similarly, Fig. 6 shows characteristics relative 
to LOW high load condition/transmission torque (T, N ) 
upon setting of a marginal torque T K of predetermined 
value - marginal control oil pressure (P K ). 

Referring to Fig. 5, a marginal torque T K of prede- 
termined value is set to become more than 1 (solid line 
characteristics) over an entire OD low load area even 
when the safety factor S/F characteristics (shown by a 
dash-and-dot line), which correspond to the control 
pressure P s (pulley lateral pressure control oil pressure 
P L , P H ) upon nominal setting with respect to the trans- 
mission torque T, N , undergo a maximum change (AP S ) 
toward a low pressure side by dispersion associated 
with the secular change and/or environmental change 
of the control oil pressure P s . By thus setting the mar- 
ginal torque T K of predetermined value, slippage of the 
belt on the OD low load side can be prevented complete- 
ly. 

As shown in Fig. 6, by setting the marginal torque 
T K of predetermined value, it becomes possible to set 
the marginal control oil pressure P K of the control oil 
pressure P s (pulley lateral pressure control oil pressure 
P L , P H ) at a predetermined value over the entire LOW 
high load area (transmission torque T, N ) and to provide 
a less variable, more appropriate clamping force com- 
pared to that provided by the marginal control oil pres- 
sure P K (shown by a dash-and-dot line) produced by the 
conventional continuously variable belt transmission in 
which the transmission torque T, N is multiplied by a pre- 
determined safety factor (S/F) K . 

Turning back to Fig. 4, the signal converter 63 has 
a target lateral pressure converter 63A and a solenoid 
current converter 63B. 

The target lateral pressure converter 63A converts 
the belt transmission torque signal T BLT into a control 
signal (target lateral pressure signal P LO ) required for 
the control of the pulley lateral pressure control valve 40 
and the shift ratio control valve 50 (see Fig. 1) and out- 
puts the same to the solenoid current converter 63B. 

The solenoid current converter 63B has a memory 
such as a ROM and converts the target lateral pressure 
signal P LO into a solenoid current signal l SP , l sc for driv- 
ing the linear solenoid 41 A and linear solenoid 5 1 A, and 
outputs the solenoid curr nt l SP , l sc through a current 



drive circuit not shown. 

As thus far explained, the continuously variable V- 
belt transmission according to the pres nt invention in- 
cludes the controller having the target belt transmission 

5 torque calculator composed of the marginal torque set- 
ting device and the adder so that the target transmission 
torque can be calculated by adding the marginal torque 
to the transmission torque. As a result, it becomes pos- 
sible to generate a most appropriate lateral pressure 

10 controlling oil pressure based on the target transmission 
torque, to prevent slippage of the belt on the low load 
OD ratio side and to provide a most appropriate clamp- 
ing force on the high load LOW ratio side. 

The present invention thus provides a highly relia- 

15 ble, durable and fuel-consumption efficient C VT with the 
pulley lateral pressure control valve adapted to cause 
no slippage between the belt and the pulleys and being 
capable of producing a most appropriate clamping force 
notwithstanding secular and environmental changes of 

20 the lateral pressure control oil pressure. 

In the continuously variable V-belt transmission 
having the torque converter as shown in Fig. 2, the en- 
gine torque T EPB of the engine torque converter 65A 
shown in Fig. 4B is subjected to a torque correction by 

2S a torque amplified portion corrector 65A and then to a 
torque selection by a torque selector 65C and thereafter 
to the calculation by the marginal torque setting device 
62A (see Fig. 4A), whereby the same results can be 
achieved as in the CVT without such torque converter. 

30 Obviously, various minor changes and modifica- 
tions of the present invention are possible in the light of 
the above teaching. It is therefore to be understood that 
within the scope of the appended claims., the invention 
may be practiced otherwise than as specifically de- 

35 scribed. 



Claims 

40 1. A continuously variable V-belt transmission com- 
prising a drive pulley (5) connected to an input shaft 

(2) , a driven pulley (8) connected to an output shaft 

(3) s a V-belt (7) between said drive pulley and said 
driven pulley, a drive side cylinder (6) for setting a 

45 width of said drive pulley, a driven side cylinder (9) 
for setting a width of said driven pulley, a lateral 
pressure control valve (40) for controlling a lateral 
pressure control oil pressure of an oil supplied to 
said drive side cylinder and said driven side cylin- 

50 der, and a controller (60) for controlling said lateral 
pressure control valve, 
wher in said controller (60) comprises: 

a transmission torque calculator (61) for calcu- 
55 lating a transmission torque (T, N ) based on a 

signal detected from a drive condition; 
a target belt transmission torque calculator (62) 
for calculating a target belt transmission torque 
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(T BLT ) based on a predetermined marginal 
torque (T K ) set in advance; and 
a signal converter (63) for generating a control 
signal for driving said lateral pressure control 
valve based on said target belt transmission 
torque, whereby said lateral pressure control oil 
pressure is generated in a most appropriate 
form based on said target belt transmission 
toque. 



70 



The continuously variable V-belt transmission of 
Claim 1, wherein said target belt transmission 
torque calculator (62) is comprised of a marginal 
torque setting device (62A) for setting a marginal 
torque of predetermined value (T K ) and a calculator « 
(62B) lor calculating said target belt transmission 
torque (T BLT ) by adding said marginal torque (T K ) 
to said transmission torque (T, N ). 

The continuously variable V-belt transmission of 20 
Claim 1 or 2, wherein said signal converter (63) is 
comprised of a target lateral pressure converter 
(63A) lor converting said target belt transmission 
torque (T BLT ) into a control signal for generating a 
pulloy lateral pressure and a solonoid current con- 
verter (63B) for converting said control signal into a 
solenoid current signal for driving a solenoid. 
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FIG. 5 
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(54) Continuously variable V-belt transmission 

(57) A continuously variable V-belt transmission (1 ) 
includes a lateral pressure control valve (40) for control- 
ling the lateral pressures of a drive pulley (5) and a driv- 
en pulley (8), and a controller (60) for controlling the lat- 
eral pressure control valve. The controller (60) calcu- 
lates a target belt transmission torque (T BLT ) by adding 
a predetermined marginal torque (T K ) to a transmission 
torque (T jN ) calculated based on a signal detected from 
a driving condition of a vehicle, and obtains, by means 
of a signal converter, a control signal for controlling the 
lateral pressure control valve. With this arrangement, it 
becomes possible to prevent slippage between the belt 
and pulleys and to produce a most appropriate clamping 
force even when the lateral pressure control oil pressure 
is varied due to secular and environmental changes in 
the pulley lateral pressure control valve, whereby the 
transmission is rendered durable, efficient in fuel con- 
sumption and highly reliable. 



FIG.1 



t24 



ECU 

ze: 



CP 

p 



ENG 



305-. 




a. 



^-27b 50- 



CLl/l 
COW 


TOOL 







29 



40> 



74 
! AC I 



SHIFT RATIO 
CONTROL 
VALVE 



PULLEY LATERAL 
PRESSURE CONTROL 
VALVB 



30Q 



f$C 
JSP 



123 



■30c 
30 



4 



EP 0 759 518 A3 



J 



European Patent 
Off let 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 5906 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages • 



US 5 243 881 A (HAY ASM TAKASHI) 

* abstract * 

* column 15, line 36 - column 16, line 35 
* 

* figure 12 * 

US 4 771 658 A (MIYAWAK1 M0T0HISA) 

* abstract * 

* column 5, line 31 - line 53 * 

US 4 718 306 A (SHIGEMATSU TAKASHI ET AL) 

* abstract * 

* figure 8 * 

* column 5, line 62 - column 6, line 5 * 

PATENT ABSTRACTS OF JAPAN 

vol. 095, no. 001, 28 February 1995 

& JP 06 288448 A (HONDA MOTOR CO LTD). 11 

October 1994, 

* abstract * 



1-3 



1-3 



1-3 



The present search report has been drawn up for ail claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tffl.CL6) 



F16H61/00 
F16H61/38 



TECHNICAL RE LOS 
SEARCHED (lnl.CI.6) 



F16H 



THE HAGUE 



Dale of coaptation of th« wifdi 

18 February 1998 



Calvo de N5, R, 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : partiouteriy relevant It combing with another 

document of the same oategory 
A : technological background 
O : non-written dnolosure 
P : intermediate document 



T : theory or principle underlying the sivention 
E : aariier patent document, but published on, or 

after the filing dote 
D : document oiled in the application 
L: document cited for other reasons 



& r member of the i 



■ patent temiy, corresponding 



/ 

/ 

/ 



